Background/Purpose: Anal incontinence is one of the most psychologically and socially debilitating conditions in an otherwise healthy individual. It can lead to social isolation, loss of self-esteem, self-confidence and depression. This study is devoted to the problem of anal incontinence in the adult patients. The aim of our study is to analyse the results of gracilis muscle transposition for anal incontinence and improvement in quality of life (QOL) of patients. Materials and Methods: This was a retrospective study. A total of 18 patients with complaint of anal incontinence were enrolled in this study. All patients were treated with gracilis muscle transposition. Results: All patients are continent, and there is an improvement in their QOL. Conclusion: Gracilis muscle transposition is a good option for patients of anal incontinence who are not treated by non-surgical means.
INTRODUCTION
A nal incontinence is defined as the recurrent inability to voluntarily control the passage of bowel contents through the anal canal and to expel it at a socially acceptable location and time, occurring in individuals over the age of four years. [1] [2] [3] [4] [5] [6] Anal incontinence is thought to be very common, [1] but much underreported due to embarrassment. One study reported a prevalence of 2.2% in the general population. [2] It affects people of all ages but is more common in older adults (but it should not be considered a normal part of ageing). Females are more likely to develop it than males (63% of those with anal incontinence over thirty may be female). [1] Traditionally, anal incontinence was an insignificant complication of surgery, but it is now known that a variety of different procedures are associated with this possible complication, and sometimes at high levels. Examples are midline internal sphincterotomy (8% risk), lateral internal sphincterotomy, fistulectomy, fistulotomy (18-52%), haemorrhoidectomy (33%), ileoanal reservoir operation, lower anterior resection, total abdominal colectomy, ureterosigmoidostomy [7] and anal dilatation (Lord's procedure, 0-50%). [8] Some authors consider obstetric trauma to be the most common cause. [9] With the widespread prevalence of anal incontinence and development of newer surgical techniques, the patient with severe anal incontinence is seldom obligated to a permanent stoma. Neosphincter procedures involving transposition of autologous muscle grafts play an important role for these patients.
MATERIALS AND METHODS

Demography
This was a retrospective study conducted in tertiary-level burns and plastic surgery centre over 2 years from 1 st September 2013 to 31 st August 2015. The study sample comprised 18 patients of anal incontinence: 15 patients were male and three were female. Of 15 male patients, eight had anal incontinence due to extensive perineal trauma by road traffic accident (RTA), four by blast injury and three by post-surgical (two patients had low anterior resection and one had fistulectomy). All three female patients had anal incontinence due to extensive perineal trauma following RTA. All trauma patients were treated in emergency department by diversion colostomy, and later on when stoma closure was done, these patients presented with anal incontinence. All post-surgical anal incontinence patients presented as late surgical complication of primary procedure. The age of patients was between 18 and 57 years.
We analysed the patients at three stages: Hospitalisation in the plastic surgery centre on admission, intraoperative, in post-operative period and in outdoor follow-up examination (in every 2 months).
The diagnosis was made with a thorough history including detailed questioning about symptoms, bowel habits, diet, medication and other medical problems. The physical examination was a standard part of any evaluation for faecal incontinence; digital rectal examination was performed to assess resting pressure and voluntary contraction (maximum squeeze) of the sphincter complex. As the provider was beginning the rectal examination, resistance was met at the anal verge. If the examining finger met little resistance and the anus felt patulous, significant sphincter dysfunction was diagnosed. The patient was asked to tighten the sphincter around the examining finger to ascertain how much voluntary control was possible.
Limitations of study
We did not have anorectal manometry records of pressure exerted by the anal sphincters and puborectalis during rest and during contraction pre-and post-operatively.
We studied the adynamic myoplasty because the stimulator was not available.
Surgical technique
The operation was carried out in lithotomy position. After putting on the drapes, anus was cleaned out with povidone-iodine solution. [ Figure 1 ] We chose single gracilis muscle used for the operation. It was used as an encircling anal sphincter. Through separate, short longitudinal incision in lower thigh, a suitable length of gracilis muscle is freed to allow for it to be withdrawn by its severed tendon into the perianal tunnel at the sides and back of the anorectum. [ Figures 2 and 3 ] The dominant vascular pedicle, usually the terminal branch of medial circumflex femoral artery, enters the muscle belly approximately 8-10 cm inferior to pubic tubercle. The motor nerve to gracilis is anterior branch of obturator nerve which usually enters the muscle 2-3 cm superior to the point of entrance of vascular pedicle. After the muscle was threaded forward through the tunnel around the lateral and posterior aspect of anal canal, the muscle was wrapped around the anal canal, and then it was forcibly drawn forwards again to be reattached by nylon 1/0 stitches to periosteum of lower surface of ischial tuberosity or the inferior pubic ramus. [ Figure 4 and 5] The thigh was adducted, and the muscle was drawn tight before it is attached. Because the muscle was pulled through under some tension, the anal canal was kept closed passively by a mechanical squeezing effect, as well as the usual voluntary contractile efforts. The muscle was found to be almost always long enough to wrap around the anus and be attached to the ischial tuberosity. During all the manoeuvres to bring the mobilised length of muscle through the wound and around the anal verge, care was taken to ensure that the muscle did not get twisted. Digital examination on the operation table after the sling had been completed confirmed that a finger could be inserted easily and had the sensation of being firmly gripped. Meticulous haemostasis was confirmed before wound closure. No drains were required. Skin closure was done with nylon 3/0 or with skin staplers [ Figure 6 and 7].
Data collection and analysis
Modified faecal incontinence quality of life scale (FIQL) by Rockwood et al. [10] was used to rate the patient's quality of life (QOL) and functional outcome in each patient. Four scales were based on the state and trait characteristic or aspect of life that they were presumed to be measured. Original 29 questions were developed in the four scales. The exact question wording for each of the items in the four FIQL scales is presented in the following sections.
Basic four scales 1. Lifestyle -Question 10 2. Coping/behaviour -Question 9 3. Depression/self-perception -Question 7 4. Embarrassment -Question 3. 
Statistical analysis
Data were presented using descriptive statistics such as mean, standard deviation and percentage. The mean scores of pre-operative, post-operative -6 months results were compared against each other using paired t-test. Differences between the genders and the various aetiologies of incontinence, with respect to pre-and post-operative scores, were analysed using Student's t-test. Software used in the analysis was SPSS version 20 IBM, Chicago, IL, USA.
RESULTS
The mean pre-operative score and post-operative score with P < 0.0001 means improvement in score was highly significant [ Table 1 ]. The mean pre-operative score and post-operative score in females with P = 0.008 means improvement in score was significant [ Table 2 ]. The mean pre-operative score and post-operative score in males with P < 0.001 means improvement in score was highly significant [ Table 2 ].
The mean pre-operative score in RTA patients and post-operative score with P < 0.0001 means improvement in score was highly significant [ Table 3 ]. The mean pre-operative score and post-operative score in blast injury patients with P < 0.0001 means improvement in score was highly significant [ Table 3 ]. The mean pre-operative score and post-operative score post-surgery patients with P = 0.001 means improvement in score was significant [ Table 3 ].
Comparing improvement in score between male and female patients, there was slightly more improvement in score male patients, but difference was statistically not significant [ Table 4 ].
Comparing improvement in score according to aetiologies of incontinence, best improvement occurs in post-surgery patients then RTA patients and then blast injury patients, but this difference was statistically not significant [ Table 5 ].
The most common complication in our study was hypertrophied scar at donor site in six patients followed by perineal pain in three patients [ Table 6 ]. Hypertrophied scars were not annoying to the patients and were managed conservatively. Perineal pain subsided gradually. Donor site thigh infection and gluteal wound infection were treated with proper antibiotics and daily dressings.
DISCUSSION
In the first half of the century, the gluteus maximus muscle was the most commonly used muscle in transpositions. Chetwood [12] first described the operation in 1902 involving the gluteus maximus muscle and fascial slings to reinforce the sphincter muscles in children.
Gracilis muscle transposition was initiated by Pickrell et al. [13] in 1952 to treat children with faecal incontinence due to neurologic and congenital anomalies. The technique involved wrapping the gracilis around the anus and attaching the free end to the contralateral ischial tuberosity. The basic concept was to create an anal encirclement repair similar to the Thiersch procedure using autologous tissue. Patients went through a period of training with exercises to learn to voluntarily contract and relax the muscle. The muscle contracted with abduction of the thigh and was made to relax by assuming the squatting position to avoid abduction of the leg.
Graciloplasty continues to be performed in the United States to replace sphincter muscle loss and as an adjunct to the artificial bowel sphincter. [14] [15] [16] [17] Vascularity of the tendinous part was doubtful because gracilis is a Type II muscle. This coupled with wrapping and stretch will leave a devascularised tendinous end. This problem was solved by the first five post-operative days. Patient is advised to take soft diet and to avoid thigh abduction so as to prevent excessive stretching of transposed gracilis tendon. Progressively tendon will also take vascularity from surrounding soft tissue. In some studies, it was suggested that the muscle does not seem to act as a dynamic sphincter but does offer passive resistance to outflow and the muscle acts as no more than an inert sling. [11, 18] According to Mowatt et al., [19] on sacral nerve stimulation, there is modulation of nerves and muscles of pelvic floor and hindgut but there is limited evidence that there is an improvement in continence. In recent studies, artificial sphincters were placed around the anal canal and lower rectum but they have their own complications. [20] SECCA device delivers temperature control radiofrequency energy to the anorectal junction to treat faecal incontinence, and its early results were satisfactory but mucosal ulceration was a complication. [21] The goal of our study was to analyse the results of gracilis muscle transposition for anal incontinence and improvement in QOL of patients.
Judging the QOL of anal incontinent patients is difficult; hence, it has prompted various researchers to formulate various scoring systems. However, these grading systems are quite complicated. In this study, we used a modified FIQL by Rockwood et al. [10] Corman [22] reported on 14 patients followed for at least 5 years, 11 of whom had excellent or fair results. He attributed his success to appropriate patient selection including only relatively young, motivated patients without functional colonic dysmotility and with disabling incontinence secondary to trauma or congenital anomaly. Sielezneff et al. [23] were successful with 8 patients, all of whom improved using the original procedure described by Pickrell combined with post-operative biofeedback. Eccersley et al. [24] reported that two-thirds of patients had improvement in continence with half of the patients experiencing good function. They concluded that these results were comparable to the results of their stimulated counterparts. In our study, all patients are continent and there is an improvement in QOL of patients; hence, results are comparable with these studies, and better results occur in healthy young male patients with post-surgery aetiology. All the patients went through a period of training with exercises to learn to voluntarily contract and relax the muscle by forced adduction of thigh with neo anal sphincter tightness.
Currently, stimulated graciloplasty is the most studied and employed transposition procedure for faecal incontinence with most recent reports of success between 57% and 93%. [14, 15] In 1981, Salmon and Henriksson [25] reported on the transformation of skeletal muscle from fast-twitch fatigue-prone (Type II) muscle fibres to slow-twitch fatigue-resistant (Type I) muscle fibres by application of low-frequency electrical stimulation. However, the main concern arises about the high rates of complications, need for reoperation and higher cost. In the original study by the Dynamic Graciloplasty Therapy Study Group, [14] the complication and re-operative rates were 74% and 40%, respectively. Other studies also revealed high rates of infection, hardware failure and post-operative evacuatory dysfunction. Hence, focus shifted back to its static counterpart with modifications of the original technique to improve outcome.
The adynamic myoplasty remains an effective option in healthcare settings where the stimulator is not available. With improved techniques and increasing experience, the graciloplasty is playing an increasing role in the initial approach to anal incontinence. Still important, fundamental research must be performed to improve the outcome for myoplasties and their application for faecal incontinence. Future efforts should be directed towards optimising patient selection, surgeon training and surgical techniques to minimise morbidity and maximise satisfactory outcome.
CONCLUSION
Although the gracilis muscle transposition for anal incontinence is not a new technique, we can make the patients continent with better results and improvement in their QOL with this technique. On evaluation of results, all patients are continent and significant improvement in mean QOL score of the study population was noted. No individual centre has gleaned enough experience with the various techniques; therefore, significant shortcomings exist because of this non-randomised approach. Consensus and standardisation are needed with respect to data collection, scoring systems and QOL assessment. Centres of expertise need to develop additional novel surgical techniques.
